MCU Technical Reference Manual 


A. CPU INSTRUCTION SET 
SUMMARY 

This appendix summarizes the CPU instruction set. 

Table A-1 is a matrix of CPU instructions and addressing modes arranged by operation code. 

Table A-2 lists the CPU instruction mnemonics and titles by mnemonic code in Table A-1. 

Table A-3 lists the CPU instruction operation codes, mnemonics and addressing modes in op code order. 
Table A-4 summarizes the operation of the MCU CPU instructions as referenced to the R6502 CPU. 

Table A-5 summarizes the differences in operation between the MCU CPU and the R6502 CPU. 

Table A-6 summarizes the threaded code instructions. 
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Table A-1. CPU Instruction Set Operation Code Matrix 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

e 

C 

D 

E 

KM 




6flA 

MPY 

Uli 



ASL 

RM80 

PHP 


ASL 


Jft 

MUiLM 

ASL 



0 


(Ind) 

Imp 



Zp 

Zp 

Zp 

Imp 


Acc 

(FFEO) 

Imp 

Abs 

Abs 




mB 

2 5 

f 6 

BUB 


2 3 

2 5 

2 5 

1 3 


1 2 

1 6 

3 S 

3 4 

3 6 

3 5 b 



BPL 

6ra 

MPA 

LAB 


ORA 

ASL 

RMB1 

CLC 

ORA 

n£g 

H^TI 


ORA 




1 

Ret 

(lnd),X 

Imp 

Acc 


Zp.X 

Zp.X 

Zp 

Imp 

Abs,Y 

Acc 



Abs.X 

Abs.X 

Zp 

1 


2 2 b 

2 5 a 

1 6 

1 3 


2 4 

2 6 

2 5 

1 2 

3 4 a 

f 2 

■ 


3 4 a 

3 7 

3 5 b 



JSR 

AND 


PHW 

BIT 

AND 

ROL 

RMB2 

PLP 


ML 



AND 

ROL 

BBR2 


2 

Abs 

(Ind) 


Imp 

Zp 

Zp 

Zp 

Zp 

Imp 


Acc 

(FFE4) 


Abs 

Abs 

Zp 

2 


3 5 

2 5 


1 4 

2 3 

2 3 

2 5 

2 5 

t 4 


1 2 

f 6 

EaD 

3 4 

3 6 

3 5 b 



BMI 

AND 

KOI 

PLW 


AND 

ROL 

RMB3 



ASR 



AND 

ROL 

BBR3 


3 

Ftel 

(lnd),X 

Imp 

Imp 


Zp.X 

Zp.X 

Zp 

Imp 

Abs.Y 

Acc 

(FFE6) 


Abs.X 

Abs.X 

Zp 

3 


2 2 b 

2 5 a 

1 6 

1 5 


2 4 

2 6 

2 5 

1 2 

3 4 a 

1 2 

1 6 


3 4 a 

3 7 

3 5 b 



RTI 

EOR 

RND 



EOR 

LSR 

RMB4 

PHA 


■»:ai 

mzzM 

JMP 

EOR 

LSR 

imm 


4 

Imp 

(Ind) 

Imp 



Zp 

Zp 

Zp 

Imp 

Imm 

Acc 

(FFE8) 

Abs 

Abs 

Abs 

Zp 

4 


f 6 

2 S 

1 2 



2 3 

2 5 

2 S 

t 3 

2 2 

f 2 

1 6 

3 3 

3 4 

3 6 

3 S b 



BVC 

EOR 

CLW 





ftM&5 

■•ilH 



JSB5 


EOR 


BBR5 


5 

Rel 

(lnd),X 

Imp 




Zp.X 

Zp 


Abs.Y 

■Ksy 

(FFEA) 


Abs.X 

Abs.X 

Zp 

5 


2 2 b 

2 5 a 

1 2 



BiB 

2 6 

2 5 

BIB 

3 4 a 

HE 

1 6 


3 4 a 

3 7 

3 S b 



RTS 

ADC 

TAW 


ADD 

ADC 

ROR 

RMB6 

PLA 


ROR 

m&m 

JMP 

ADC 

ROR 

BBR6 


6 

Imp 

(Ind) 

Imp 


Zp 

Zp 

Zp 

Zp 

Imp 


Ax 

(FFEC) 

(Abs) 

Abs 

Abs 

Zp 

6 


1 S 

2 5° 

1 2 


2 3° 

2 3° 

2 5 

2 5 

1 4 

HwBa 

1 2 

1 6 

3 5 

3 4 C 

3 6 

3 5 b 



BVS 

ADC 

TWA 


ADD 

ADC 


RMB7 

SEI 


PLY 

JSB7 

JMP 

ADC 

ROR 

BBR7 


7 

Ret 

(Ind).X 

Imp 


Zp.X 

Zp.X 

Zp.X 

Zp 

Imp 

Abs.Y 

Imp 

(FFEE) 

(Abs.X) 

Abs.X 

Abs.X 

Zp 

7 


2 2 b 

2 5 a,c 

1 2 


2 4 C 

2 4 C 

2 6 

2 5 

1 2 

3 4 a,c 

1 4 

1 6 

3 6 

3 4 a,c 

3 7 

3 5 b 



BRA 

STA 



STY 

Ktl 

STX 


DEY 

ADD 

mtym 


STY 

■-ir.v 

STX 

BBSO 


8 

Rel 

(Ind) 



Zp 

■ ■ i' 

Zp 

lEU 

Imp 

Imm 

Imp 


Abs 


Abs 

Zp 

8 


2 3 a 

2 5 



2 3 


2 3 

SHE 

1 2 

2 2° 

1 2 

mg 

3 4 

me! 

3 4 

3 5 b 



BCC 




Km 

STA 


SMB1 

TYA 

STA 

miym 

Lll 


STA 


E2=31 


K] 

Ret 

ma 



Zp.X 

Zp.X 

Zp.Y 

Zp 

Imp 

Abs.Y 

Imp 

Imp 


Abs.X 


Zp 

9 


2 2 b 




2 4 

2 4 

2 4 

2 5 

1 2 

3 5 

1 2 

1 5 


3 5 


3 5 b 



LDY 

LDA 

LDX 


LDY 

LDA 

LDX 

SMB2 


LDA 


LAN 

LDY 

LDA 

LDX 




Imm 

(Ind) 

Imm 


Zp 

Zp 

Zp 

zb 


Imm 


Imp 

Abs 

Abs 

Abs 

Zp 

A 


2 2 

2 5 

2 2 


2 3 

2 3 

2 3 

2 5 

DIE 

2 2 

mm 

1 3 

3 4 

3 4 

3 4 

3 5 b 



BCS 

LDA 

STI 


■i-va 

LDA 

LDX 

SMB3 

CLV 

■sa 


INI 

LDY 

LDA 

LDX 



B 

Ret 

(lnd),X 

Zp 


Zp.X 

Zp.X 

Zp.Y 

Zp 

Imp 

Abs.Y 


Imp 

Abs.X 

Abs.X 

Abs,Y 

Zp 

B 


2 2 b 

2 S a 

3 4 


2 4 

2 4 

2 4 

2 5 

1 2 

3 4 a 

DIE 

1 3 

3 4 a 

3 4 a 

3 4 a 

3 5 b 





RBA 






INY 

CMP 




CMP 

DEC 

BBS4 


C 

Imm 


Abs 


Zp 

Zp 

Zp 

Zp 

Imp 

Imm 

Imp 


Abs 

Abs 

Abs 

Zp 



2 2 

si 

4 7 


2 3 

2 3 

2 5 

2 5 

1 2 

2 2 

1 2 

mo 

3 4 

3 4 

3 6 

3 5 b 



BNE 

CMP 

SBA 


EXC 

CMP 

■»y=« 

SMB5 

CLD 

■> T ; J 

PHX 



CMP 

DEC 



D 

Ret 

(Ind).X 

Abs 


Zp.X 

Zp.X 


Zp 

Imp 

Abs.Y 

Imp 

■E 


Abs.X 

Abs,X 

Zp 



2 2 b 

2 5 a 

4 7 


2 5 

2 4 


2 5 

1 2 

3 4 a 

1 3 

mo 


3 4 a 

3 7 

3 5 b 



CPX 

SBC 

BAR 


CPX 

SBC 

INC 


INX 


NOP 

LAI 

CPX 

SBC 

INC 

BBS6 


E 

Imm 

(Ind) 

Abs 


Zp 

Zp 

Zp 

m 

Imp 


Imp 

Imp 

Abs 

Abs 

Abs 

Zp 

E 


2 2 

2 & 

5 7 b 


2 3 

2 3° 

2 5 

DIE 

1 2 


1 2 

1 3 

3 4 

3 4 C 

3 6 

3 5 b 



BEQ 

SBC 

BAS 



SBC 

INC 

SMB7 

SED 

K«1 


PIA 



INC 

BBS7 


F 

Ret 

(lnd),X 

Abs 



Zp.X 

Zp.X 

Zp 

Imp 

Abs.Y 


Imp 


Abs.X 

Abs.X 

Zp 

F 


2 2 b 

2 5 a ' c 

5 7 b 



2 4 C 

2 E 

2 5 

1 2 

3 4 a,c 

DIE 

1 6 


34 a.c 

3 7 

3 5 b 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 



a. Add 1 to N if page boundary is crossed. 


0 


BRK - Op Code 

Imp - Addressing Mode 

1 7 - No. of Instruction Bytes; 


No. of Machine Cycles 


b. Add f to N if branch occurs to same page. 
Add 2 to N if branch occurs to different page. 

c. Add 1 to N if in decimal mode. 
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Table A-2. CPU Instruction Set by Mnemonic 


Mnemonic 

Inetruction 

Mnemonic 

Instruction 

ADC 

Add Memory to Accumulator with Carry 

MPA* 

Multiply and Accumulate 

ADD* 

Add Memory to Accumulator without Carry 

MPY* 

Multiply 

AND 

•AND' Memory with Accumulator 



ASL 

Shift Left One Bit (Memory or Accumulator) 

NEG* 

Negate Accumulator 

ASR* 

Accumulator Shift Right One Bit Sign Extend 

NOP 

No Operation 



NXT* 

Next Inetruction 

BAR* 

Branch On Bit(s) Reset 



BAS' 

Branch On Bit(s) Set 

ORA 

*OR* Memory wtth Accumulator 

BBR* 

Branch On Bit Reset (8) 



BBS* 

Branch On Bit Set (8) 

PHA 

Push Accumulator on Stock 

BCC 

Branch on Carry Clear 

PHI* 

Push Ion Stack 

BCS 

Branch on Carry Set 

PHP 

Push Processor Status on Stack 

BEQ 

Branch on Equal 

PHW* 

Push Won Stack 

BIT 

Test Bits in Memory with Accumulator 

PHX* 

Push Index X on Stack 

BMI 

Branch on Minus 

PHY* 

Push Indsa Yon Stack 

BNE 

Branch on Not Zero 

PIA* 

Pull 1 from Stack, Load Accumulator 

BPL 

Branch on Plus 

PLA 

Pull Accumulator from Stack 

BRA* 

Branch Always 

PLI* 

Pul 1 from Stack 

BRK 

Break Command 

PLP 

Pul Processor Status from Stack 

BVC 

Branch on Overflow Clear 

PLW 

Pull W from Stack 

BVS 

Branch on Overflow Set 

PLX* 

Pull Index X from Stack 



PLY* 

Pull Indax Y from Stack 

CLC 

Clear Carry Flag 

PSH* 

Push A, X and Y on Stack 

CLD 

Clear Decimal Mode 

PUL* 

Pul Y.X and A from Stack 

CLI 

Clear Interrupt Disable Bit 



CLV 

Clear Overflow Flag 

RBA* 

Reset Bit(a) in Memory 

CLW* 

Clear W Register and Overflow Flag 

RMB* 

Reset Memory Bit (8) 

CMP 

Compare Memory and Accumulator 

RND* 

Round 

CPX 

Compare Memory and Index X 

ROL 

Rotate Left One Bit (Memory or Accumulator) 

CPY 

Compare Memory and Index Y 

ROR 

Ftotate Right One Bit (Memory or Accumulator) 



RTI 

Return from Interrupt 

DEC 

Decrement Memory by One 

RTS 

Return from Subroutine 

DEX 

Decrement Index X by One 



DEY 

Decrement Index Y by One 

SBA* 

Set BK(s) In Memory 



SBC 

Subtract Memory from Accumulator with Borrow 

EOR 

'ExclusrveOr' Memory with Accumulator 

SEC 

Set Carry Flag 

EXC* 

Exchange Accumulator and Memory 

SED 

Set Decimal Mode 



SEI 

Set Interrupt Disable Status 

INC 

Increment Memory by One 

SMB* 

Set Memory BN (8) 

INI* 

Increment 1 by One 

STA 

Store Accumulator In Memory 

INX 

Increment Index X by One 

STI* 

Store Immediate to Memory 

INY 

Increment Index Y by One 

STX 

Store Index X in Memory 



STY 

Store Index Y in Memory 

JMP* 

Jump to New Location 



JPI* 

Jump Indirect with Return in 1 

TAW* 

Transfer Accumulator to W 

JSB* 

Jump to Subroutine (8) 

TAX 

Transfer Accumulator to Indax X 

JSR 

Jump to New Location Saving Return Address 

TAY 

Transfer Accumulator to Index Y 



TIP* 

Transfer 1 to Program Counter 

LAB* 

Load Absolute to Accumulator 

TSX 

Transfer Stack Pokitar to Index X 

LAI* 

Load Accumlator Indirect through 1 

TWA* 

Transfer W to Accumulator 

LAN* 

Load Accumulator Indirect and Increment 1 

TXA 

Transfer Indax X to Accumulator 

LDA 

Load Accumulator with Memory 

TXS 

Transfer Index X to Keck Pointer 

LDX 

Load Index X with Memory 

TYA 

Transfer Index Y to Accumulator 

LDY 

Load Index Y with Memory 



LIT 

Load 1 Indirect through 1 



LSR 

Logical Shift Right One Bit 




(Memory or Accumulator) 



| ‘ s New instruction or addressing mode from R6502. | 
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Table A-3. CPU Instruction Set by Operation Code 


Op Code 

Mnemonic 

Addressing 

Mode 

Op Code 

Mnemonic 

Addressing Mode 

00 

BRK 

Implied 

20 

JSR 

Absolute 

01 

ORA 

(Indirect) 

21 

AND 

(Indirect) 

02 

MPY 

Implied 

22 

PSH 

Implied 

03 

TIP 

Implied 

23 

PHW 

Implied 

04 

Not Used 


24 

BIT 

Zero Page 

05 

ORA 

Zero Page 

25 

AND 

Zero Page 

06 

ASL 

Zero Page 

26 

ROL 

Zero Page 

07 

RMBO 

Zero Page 

27 

RMB 2 

Zero Page 

08 

PHP 

Implied 

28 

PLP 

Implied 

09 

ORA 

Immediate 

29 

AND 

Immediate 

0A 

ASL 

Accumulator 

2A 

ROL 

Accumulator 

0B 

JSB 0 

(FFEO) 

2B 

JSB 2 

(FFE4) 

OC 

JPI 

Implied 

2C 

BIT 

Absolute 

0D 

ORA 

Absolute 

2D 

AND 

Absolute 

OE 

ASL 

Absolute 

2E 

ROL 

Absolute 

OF 

BBR 0 

Zero Page 

2F 

BBR 2 

Zero Page 

10 

BPL 

Relative 

30 

BMI 

Relative 

11 

ORA 

(Indirect),X 

31 

AND 

(Indirect),X 

12 

MPA 

Implied 

32 

PUL 

Implied 

13 

LAB 

Accumulator 

33 

PLW 

Implied 

14 

Not Used 


34 

Not Used 


15 

ORA 

Zero Page.X 

35 

AND 

Zero Page.X 

16 

ASL 

Zero Page.X 

36 

ROL 

Zero Page.X 

17 

RMB 1 

Zero Page 

37 

RMB 3 

Zero Page 

18 

CLC 

Implied 

38 

SEC 

Implied 

19 

ORA 

Absolute,Y 

39 

AND 

Absolute,Y 

1A 

NEG 

Accumulator 

3A 

ASR 

Accumulator 

IB 

JSB 1 

(FFE2) 

3B 

JSB 3 

(FFE6) 

1C 

Not Used 


3C 

Not Used 


ID 

ORA 

Absolute,X 

3D 

AND 

Absolute.X 

IE 

ASL 

Absolute.X 

3E 

ROL 

Absolute.X 

IF 

BBR 1 

Zero Page 

3F 

BBR 3 

Zero Page 
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Table A-3. CPU Instruction Set by Operation Code (Cont'd) 


Op Code 

Mnemonic 

Addressing 

Mode 

Op Code 

Mnemonic 

Addressing Mode 

40 

RTI 

Implied 

60 

RTS 

Implied 

41 

EOR 

(Indirect) 

61 

ADC 

(Indirect) 

42 

RND 

Implied 

62 

TAW 

Implied 

43 

Not Used 


63 

Not Used 


44 

Not Used 


64 

ADD 

Zero Page 

45 

EOR 

Zero Page 

65 

ADC 

Zero Page 

46 

LSR 

Zero Page 

66 

ROR 

Zero Page 

47 

RMB 4 

Zero Page 

67 

RMB 6 

Zero Page 

48 

PHA 

Implied 

68 

PLA 

Implied 

49 

EOR 

Immediate 

69 

ADC 

Immediate 

4A 

LSR 

Accumulator 

6A 

ROR 

Accumulator 

4B 

JSB 4 

(FFE8) 

6B 

JSB 6 

(FFEC) 

4C 

JMP 

Absolute 

6C 

JMP 

(Absolute) 

4D 

EOR 

Absolute 

6D 

ADC 

Absolute 

4E 

LSR 

Absolute 

6E 

ROR 

Absolute 

4F 

BBR 4 

Zero Page 

6F 

BBR 6 

Zero Page 

50 

BVC 

Relative 

70 

BVS 

Relative 

51 

EOR 

(Indirect),X 

71 

ADC 

(Indirect),X 

51 

CLW 

Implied 

72 

TWA 

Implied 

53 

Not Used 


73 

Not Used 


54 

Not Used 


74 

ADD 

Zero Page.X 

55 

EOR 

Zero Page.X 

75 

ADC 

Zero Page.X 

56 

LSR 

Zero Page.X 

76 

ROR 

Zero Page.X 

57 

RMB 5 

Zero Page 

77 

RMB 7 

Zero Page 

58 

CLI 

Implied 

78 

SEI 

Implied 

59 

EOR 

Absolute.Y 

79 

ADC 

Absolute.Y 

5A 

PHY 

Implied 

7A 

PLY 

Implied 

5B 

JSB 5 

(FFEA) 

7B 

JSB 7 

(FFEE) 

5C 

Not Used 


7C 

JMP 

Absolute,X 

5D 

EOF! 

Absolute,X 

7D 

ADC 

Absolute,X 

5E 

LSR 

Absolute,X 

7E 

ROR 

Absolute,X 

5F 

BBR 5 

Zero Page 

7F 

BBR 7 

Zero Page 
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Table A-3. 

CPU Instruction 

Set by 

Operation Code (Cont'd) 

Op Code 

Mnemonic 

Addressing 

Op Code Mnemonic 

Addressing Mode 



Mode 




80 

BRA 

Relative 

AO 

LDY 

Immediate 

81 

STA 

(Indirect) 

A1 

LDA 

(Indirect) 

82 

Not Used 


A2 

LDX 

Immediate 

83 

Not Used 


A3 

Not Used 


84 

STY 

Zero Page 

A4 

LDY 

Zero Page 

85 

STA 

Zero Page 

A5 

LDA 

Zero Page 

86 

STX 

Zero Page 

A6 

LDX 

Zero Page 

87 

SMBO 

Zero Page 

A7 

SMB 2 

Zero Page 

88 

DEV 

Implied 

A8 

TAY 

(Indirect) 

89 

ADD 

Immediate 

A9 

LDA 

Immediate 

8A 

TXA 

Implied 

AA 

TAX 

Implied 

8B 

NXT 

Implied 

AB 

LAN 

Implied 

8C 

ST/ 

Absolute 

AC 

LDY 

Absolute 

8D 

STA 

Absolute 

AD 

LDA 

Absolute 

8E 

STX 

Absolute 

AE 

LDX 

Absolute 

8F 

BBS 0 

Zero Page 

AF 

BBS 2 

Zero Page 

90 

BCC 

Relative 

BO 

BCS 

Relative 

91 

STA 

(Indirect),X 

B1 

LDA 

(Indirect),X 

92 

Not Used 


B2 

STI 

Zero Page 

93 

Not Used 


B3 

Not Used 


94 

STY 

Zero Page.X 

B4 

LDY 

Zero Page.X 

95 

STA 

Zero Page.X 

B5 

LDA 

Zero Page.X 

96 

STX 

Zero Page.Y 

B6 

LDX 

Zero Page.Y 

97 

SMB 1 

Zero Page 

B7 

SMB 3 

Zero Page 

98 

TYA 

Implied 

B8 

CLV 

Implied 

99 

STA 

Absolute,Y 

B9 

LDA 

Absolute,Y 

9A 

TXS 

Implied 

BA 

TSX 

Implied 

9B 

Lll 

Implied 

BB 

INI 

Implied 

9C 

Not Used 


BC 

LDY 

Absolute,X 

9D 

STA 

Absolute,X 

BD 

LDA 

Absolute,X 

9E 

Not Used 


BE 

LDX 

Absolute,Y 

9F 

BBS 1 

Zero Page 

BF 

BBSS 

Zero Page 
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Table A-3. CPU Instruction Set by Operation Code (Cont'd) 


Op Code 

Mnemonic 

Addressing 

Mode 

Op Code 

Mnemonic 

Addressing Mode 

CO 

CPY 

Immediate 

E0 

CPX 

Immediate 

Cl 

CMP 

(Indirect) 

El 

SBC 

(Indirect) 

C2 

RBA 

Absolute 

E2 

BAR 

Immediate 

C3 

Not Used 


E3 

Not Used 


C4 

CPY 

Zero Page 

E4 

CPX 

Zero Page 

C5 

CMP 

Zero Page 

E5 

SBC 

Zero Page 

C6 

DEC 

Zero Page 

E6 

INC 

Zero Page 

C7 

SMB 4 

Zero Page 

E7 

SMB 6 

Zero Page 

C8 

INY 

Implied 

E8 

INX 

Implied 

C9 

CMP 

Immediate 

E9 

SBC 

Immediate 

CA 

DEX 

Implied 

EA 

NOP 

Implied 

CB 

PHI 

Implied 

EB 

LAI 

Implied 

CC 

CPY 

Absolute 

EC 

CPX 

Absolute 

CD 

CMP 

Absolute 

ED 

SBC 

Absolute 

CE 

DEC 

Absolute 

EE 

INC 

Absolute 

CF 

BBS 4 

Zero Page 

EF 

BBS 6 

Zero Page 

DO 

BNE 

Relative 

FO 

BEQ 

Relative 

D1 

CMP 

(Indirect),X 

FI 

SBC 

(Indirect),X 

D2 

SBA 

Absolute 

F2 

BAS 

Absolute 

D3 

Not Used 


F3 

Not Used 


D4 

EXC 

Zero Page.X 

F4 

Not Used 


D5 

CMP 

Zero Page.X 

F5 

SBC 

Zero Page.X 

D6 

DEC 

Zero Page,X 

F6 

INC 

Zero Page.X 

D7 

SMBS 

Zero Page 

F7 

SMB 7 

Zero Page 

D8 

CLD 

Implied 

F8 

SED 

Implied 

D9 

CMP 

Absolute,Y 

F9 

SBC 

Absolute,Y 

DA 

PHX 

Implied 

FA 

PLX 

Implied 

DB 

PLI 

Implied 

FB 

PIA 

Implied 

DC 

Not Used 


FC 

Not Used 


DD 

CMP 

Absolute,X 

FD 

SBC 

Absolute,X 

DE 

DEC 

Absolute,X 

FE 

INC 

Absolute,X 

DF 

BBS 5 

Zero Page 

IT 

BBS 7 

Zero Page 
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Table A-4. New CPU Instructions Since R6502 CPU 


Nine Basic Instructions 


Mnemonic 

Operation 

Addressing 

Mode 

No. 

Bytes 

No. 

Cycles 

SMB 

Set Memory Bit (8) 

ZP 

2 

5 

RMB 

Reset Memory Bit (8) 

ZP 

2 | 

5 

BBS 

Branch on Bit Set (8) 

ZP 

3 

5,6,7 

BBR 

Branch on Bit Reset (8) 

ZP 

3 

5, 6,7 

BRA 

Branch Always 

ZP 

2 

2, 3, 4 

PHX 

Push X 

Implied 

1 

3 

PHY 

Push Y 

Implied 

1 

3 

PLX 

Pull X 

Implied 

1 

4 

PLY 

Pull Y 

Implied 

1 

4 


Fifteen Filter Enhancement Instructions 


Mnemonic 

Operation 

Addressing 

Mode 

No. 

Bytes 

No. 

Cycles 

ASR 

Shift A Right, Sign Extend 

Accum 

1 

2 

CLW 

Clear W and V 

Implied 

1 

2 

EXC 

Swap A, M 

ZP,X 

1 

5 

JSB 

Jump to Subroutine (8) 

(FFEJ 

1 

6 

LAB 

Load Absolute to Accumulator 

Accum 

1 

2 

MPA 

Multiply and Accumulate 

Implied 

1 

6 

MPY 

Multiply 

Implied 

1 

6 

PSH 

Push A, X and Y on Stack 

Implied 

1 

5 

PUL 

Pull Y, X and A from Stack 

Implied 

1 

6 

RND 

Round 

implied 

1 

2 

TAW 

Transfer Accumulator to W 

Implied 

1 

2 

TWA 

Transfer W toAccumulator 

Implied 

1 

2 

NEG 

Negate Accumulator 

Accum 

1 

2 

PHW 

Push WH, WL 

Implied 

1 

4 

PLW 

Pull WL, WH 

Implied 

1 

5 
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Table A-4. New CPU Instructions Since R6502 CPU (Cont'd) 


Ten Direct Threaded Instructions 


Mnemonic 

Operation 

Addressing 

Mode 

No. 

Bytes 

No. 

Cycles 

NXT 

(1) -»PC, 1 + 2 -+1 

Implied 

1 

4 

Lll 

(l)-»l 

Implied 

1 

5 

LAI 

<l) -> A 

Implied 

1 

3 

INI 

1 + 1 —> 1 

Implied 

1 

3 

PHI 

Push 1 

Implied 

1 

4 

PLI 

Pull 1 

Implied 

1 

6 

JPI 

PC + 1 —> IL, PC + 2 -> IH, (1) -» PC, 

1 +2 —H 

Implied 

3 

5 

TIP 

1 ->PC 

Implied 

1 

2 

PIA 

Pull 1, (1) -» A, (1) -> X, 1 +1 -> 1 

Implied 

1 

6 

LAN 

(1) —»A, 1 + 1 —> 1 

Implied 

1 

3 


Seven Controller Instructions 


Mnemonic 

Operation 

Addressing 

Mode 

No. 

Bytes 

No. 

Cycles 

BAR 

Branch on Bit(s) Reset 

ABS 

5 

7, 8,9 

BAS 

Branch on Bit(s) Set 

ABS 

5 

7, 8,9 

JMP 

Jump 

(ABS, X) 

3 

6 

STI 

Move IMM to Memory 

ZP 

3 

4 

RBA 

Reset Bit(s) in Memory 

ABS 

4 

7 

SBA 

Set Bit(s) in Memory 

ABS 

4 

7 

ADD 

Add without Carry 

IMM 

2 

2 

ADD 

Add without Carry 

ZP 

2 

3 

ADD 

Add without Carry 

ZP, X 

2 

4 


1035 


Appendix A - CPU Instruction Set Summary 


Page A-9 




MCU Technical Reference Manual 


Table A-5. CPU Instruction Enhancments Over R6502 CPU 


Function 

NMOS R6502 CPU 

CMOS MCU CPU 

Jump indirect, operand = XXFF. 

Page address does not increment. 

Page address increments. 

Read/modify/write instructions at 
effective address. 

One read cycle and two write cycles. 

Two read cycles and one write cycle. 

Decimal flag. 

Indeterminate after reset. 

Initialized to binary mode (D = 0) 
after reset. 

Decimal ADD/SUB execution time. 

Same execution time as binary. 

One additional cycle for decimal 
correct. 

Flags after decimal ADD/SUB. 

N, V and Z flags are invalid. 

N, V and Z flags are valid. 

Interrupt coincident with BRK 
instruction. 

Interrupt vector is loaded, BRK 
vector is ignored. 

Interrupt is executed, then BRK is 
executed. 

JSR instruction. 

Stacked address points to last byte 
of JSR instruction. 

Stacked address points to next op 
code. Instruction is one cycle 
shorter. 

RTS instruction. 

Return address is incremented 
before use. 

Return address is ready for use. 
Instruction is one cycle shorter. 

Indirect Addressing Opcodes 
changed. 

(INDIRECT, X) 

(INDIRECT) 

Indirect Addressing Opcodes 
changed. 

(INDIRECT), Y 

(INDIRECT), X 
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Table A-6. CPU Threaded Instructions 


Mnemonic 

Instruction 

Operation 

Description 

NXT 

Next Instruction 

(l)-»PC 

1+2 —»1 

The 1 register points to an address. The two 
bytes at that address are loaded into the 

Program Counter. The contents of the 1 register 
are incremented by 2. 

Lll 

Load 1 Indirect through 1 

(!)">! 

The 1 register points to an address. The two 
bytes at that address are loaded into the 1 
register. 

LAI 

Load A Indirect through 1 

(1) —> A 

The 1 register points to an address. The byte at 
that address is loaded into the Accumulator. 

INI 

Increment 1 by One 

1+1 -> 1 

The 1 register is incremented by 1. 

PHI 

Push 1 on Stack 

1 —> (stack) 

SP-2 -» SP 

The contents of the 1 register are pushed onto 
the stack, high byte first. 

PLI 

Pull 1 from Stack 

(stack) -+ 1 

SP+2 -+ SP 

The two bytes pointed to by the Stack Pointer 
are loaded into the 1 register, low byte first. 

JPI (Operand) 

Jump Indirect with Return 
in 1 

PC+1 -> 1 
(1) -> PC 

1+2 ->l 

The contents of the Program Counter (the 
address of the JPI instruction) +1 are loaded 
into the 1 register. 1 now points to the two-byte 
operand of the JPI instruction. This operand is 
used as an indirect pointer to the next 
execution address. 1 is incremented by 2 to 
point to the next opcode following the JPI 
instruction. This instruction functions as a JSR 
indirect with the return address in the 1 register. 

TIP 

Transfer 1 to Program 
Counter 

1 ->PC 

Transfer the contents of the 1 register to the 
Program Counter. This instruction functions as 
an RTS to the JPI instruction. 

PIA 

Pull 1 from Stack, Load A 

(stack) —> 1 

SP+2 -> SP 
(l)-+A 

1+1 -H 

Load the 1 register with the two bytes pointed to 
by the Stack Pointer, low byte first. Increment 
the Stack Pointer by 2. Load the byte pointed 
to by the 1 register into the Accumulator. 
Increment the 1 register by 1. 

LAN 

Load A Indirect and 
Increment 1 

(1) A 

1+1 -> 1 

Load the byte pointed to by the 1 register into 
the Accumulator. Increment the 1 register by 1. 
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